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of Time in Tests ABLE and BAKER at BIK 

Summary 

The intensity of gamma radiation in tes and Baker was 

asured by an io ion ch 
one second to 

In the air shot the gamma rays came as 
off at a rate such that half the total dose 
second. 3 
compatible with a hypothesis that m 
the ball cf firc, emitting delayed gamma rays at th 
the laboratory. Intensity after the first minute 
of the low residual contamination. 

apa In the underwater sret the initial burst of intc 
n part of the dose being received during the 
ty attribu le to the return of f 
ships as rain and m: In t 

from 3 

np 

Tactically the 
exposed personnel 
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&} Introduction 

Our knowledg t a ray phenome i d with atomic 

1cn the Able and Baker 
eforc, to supplement 

tion with 

gamma ray time moasurcments. purpose of tk t 3 to give 

information on the contribution to the gamma ray dase from such various 

factors (4) direct radiation from the fi on product cloud, (2) 

ship con’ ation, (3) water-borne contamination, (4) wind~borne 

contamination. Information would also be obtained on the possibility 

of taking cvasive action from the radiation and, should the local 

contamination be strong, the time record might supply a kcy to the 

intorprotation of the film records. 

Exporimontal 

An experiment of this kind requiring measurement of a time 

varying quantity on a number of isolated and widcly distributed ships 

scoms to fall into two patterns involving cithor the large effort with 

ganma ray dotection on the ships and radio transmission of data to a 

remote recording station achicving perhaps microsecond resolving powcr, 

or the smallor effort with rather simple completely sclf contained 

recording units, necessarily battery operated, of more modcst porformancc. 

Time for preparation was such that strict simplification of oven 

the second procedure was necessary. Requirements wore scot ati- 

(1) No film recording, because of risk of fogging, 

(2) Apparatus not primarily dependant on triggering by 

radio signal. 

(3) Apparatus capable of remaining in a receptive 

for several days in order to be able to to € 

a postponement of firing day without reservi ing. 

(4) Protection from blast, ship motion end tropical humidity. 

(5) - Ability to record a wide range of geimia intensitics. 

The resulting apparatus, illustratod in Tige2, is in cssenco an 

jonization chamber which, via an amplifier, activat mer 

proportional to the logarithm of the gamma ray inten 

a recorder which writes in ink on a chart driven by 

chart is advanced at the slow rate of 1/10 inch re 

chart to run for 7 days. In its final form a’ rad 

equipment introduced a 6C fold improvement in resolvi 

sacrificing reliability, by actuating a change speed m 

ing the chart speed to 6 inches per minute and giving 2 to 

time of 3 or 4. hours. The cquipment wes cncloscc 

drum and mountable by a single point susponsion. 

20 The Chamber 

These were of a type designed for clectron collection. They had 

a 3 inch diameter 12 inch long brass tubular cnvclope and a 15 mil 

central wire clectrode passing through hermetic scals with guard rin 

The chambers wore filled to a total pressure of 3 atmospheres with 

argon + 2400,. ‘These chambers wore found to be very reliable and 

similar in their prcoprties, doubtless on ount of the long oxpericnce 

4. 



and »roduction methods uscd in their manufacture. High tension supply 
as supplicd from a specially made compact dry battory (W3). 
al properties of the chambers arc described more fully in 
and 5 and under "calibration". 

lificr 

Prom calculations of the gamma ray intonsi s expected the 
inum intensity to be recorded was sect at 100,000 R/hr. and the 
imum, estimated to be a safe background intensity for inspection and 

recovery, at 1R/hr, giving a ratio of 10% This, togother with tho 
known chamber sensitivity, sct the amplificr requirement as an input 
range from 4.107*°A to 4.107°A with an output from 0 to 3 mea. through 
a resistance of 1,400 ohms. We are indebted to Dr ‘atts who was able 
to develop for this work a battery operated D.C. amplificr having very 

satisfactory logarithmic propertios. This amplifior (Fig. 4a) con- 
sisted basically of a high insulation cathode follower (959) wi ina 
well known circuit fecding into a two triode balanced bridge circuit 
which developed the required power output. 

The input signal to the cathode followor consisted of the potenti 
developed by the ionization current across the variable anode cathode 
resistance of a miniature triodc, V32. This resistance was lowered as 

the input signal increased by connecting the grid of the V32 to the out- 
put of the cathode follower. The cffcct of this direct current 
negative fecdback was to give an amplificr sensitivity which dcecreascd 
with increasing signal input in a manncr dependent on the properties of 
the impedance tube, its bias and the operating conditions of the 959 
cathode follower. In our case, when the logarithm of the current input 

plotted against the output deflection, a satisfactory S$ shaped curve 
s obtained covering an input range of 5 decades. At first the 

amplifior sensitivity was found to be too high for small signals and it 
was found possible to adjust the initial sensitivity to a convenient 
level by shunting tho V32 impodance tube by a 1-5 x 10°ohms. resistance. 

Since the amplifier output is in terms of the logarithm of a 
curront the amplificr could not be tested by a voltage gencrator and a 
curront signal gencrator was therefore designed, known as the initiation 
chamber (Fig. 1b) which proved to be a great convenience in testing. 
This, consisting of a 250 V battery potentiometer and a sot of high 
resistances, provided graduated currents in roughly cqual stops of log i 

from 1 to 25,000 x 4 x 107'° amperess 

4. Recorder 

It was important in selecting the recording instrument to take 

account of the effect of the wderwater shock transmitted through the 

ships' structure and of the violent pitching expectcd duc to wave and 
blast effects from the bomb. Of the many types of i 
recording on paper some, using elcctro=chemical or hot ¥ 
recording methods and free from ink spilling difficulties, we 
procurable in time, while others uscd robust potentiometric be 
C+ge Micromax, but requircd alternating current main power which 
not expected to be available. The greater part of the availab. 
battery space for the recorder was found to be taken up by the recorder 
driver stage requirements, so that cconomy in the powor uscd by the 

recorder movoment was a consideration. A high sonsitivity Esterlino 
4ngus movement requiring 1 ma. full scale proved to be too sensitive 
to pitching and rolling of the kind expected on shipboard. At the 
suggestion of the makers a restoring spring of increased stiffness 
was adopted in such a movement, which reduccd the current sensitivity 
to 3 mae full scale and the period to 0.2 scconds. This modificd 

movement was found by experiment to be very insonsitive to the antici- 

2. 



y requirements remained 

the foregoing equipment inside a 
length. The equipment 

t inch thick dural can, 

y equipment and form an 
rubber g 2 yp by a contrivance (Fig.2.) 

similar to the lid types of Suoeeias cooker. 

stecl bar having a hingo allowing 
The direct trans- 

reduced by intcrposing a layor 
surfaccs of the hinge so that there cxistcd no 

I ot between the two members across the hingce 
dditional feature was the adoption of a lead strip ing tk 

a ly by bending at the hinge, provi 
aunt found to have worn out in som c 

the ABLE test, showing that much oscillation cnergy had been absorb 

Radio Change Speed Control 

The change speed on the clock was actuated by the movement of a 
small lever. This lever was retained in the w position by a 
fine stecl wire link held in tension by a spring. hen the relay 

acts closed in the radio mit 18 volts werc applicd to the stecl 
which fused and allowed the lever to move over to the high specd 

position. 

ations 

Using the signal generator of es the Reurneny 

range 4.107194 to 10°7A, menses wage nol an See anieateace rang “on the 
chamber of 1 to 25,000 Ce Specimen curves for mits Nos. 11 and 10 

c scon in Figs. 3 and 4 In order to minimise correction for battory 
line such a curve was ru on each unit i 

12 hours before the shot and, when possibl 

on each unit on re-entry after the shot. Af Bs 
tho background contamination on the ship mado it advisable to postpone 
these final calibrations until the wit had been removed and returnod 
to the oratory ship in order to keep the dosage of the operators 
within tho legal gamma dosc of 0.1 R per day. By rofe 
previously prepared curves of amplificr sconsitivity 
small correction for battery decline over the 12 hours interv 

calibration and firing + applicd. 

Radiation Calibration 

2. position 
‘lon chamber of the wit. Tom 50 his showed that 

chambers were, within the crimenta » elike; all variations 

from unit to mit, amomt to a t 20%, wor ountable from 
variations in the previous ade amplificr scnsitivity curves. In 
addition to the above ac ion was ie on one uit up to 
100 R/hour with 2 gm. radium and using an inverse square law method. 



ara, 
icction curves 

and the 
at high 

development arose 
intcnsitics wore 

ship to 

highor collecting ficld x 1 i To do th 
contral 15 mil wire Ace aizi ter cylinder 

ick on the calibra: 
The basis for the ¢ 

from Fig. 5, 

However, the twin ins ations 0 or special chambers in 
test BLKER provide a conveni aXe! on experimental accurscy as both 
types of chamber being calibrated 1¢ two records obtaincd should yicld 
identical intensity timo curves, The cxtont to which this is true is 

secn in Fig.7 where, on the curve for thc ; 70 upper installation which 

is such a twin, the points from both records are scen to lie closc 

together. inother feature of this tw cord is t the cffocts of 

1 on the recorders must have been xll since they wore 
in such a way that the two recorders would have been affecte 
arly by rolling and pi Only onc ich tw ord 

epteined although two twin ullations wore mad ce normal unit of 
the other pair gave no record on = unt of sn 

Clock Calibration 

+ low and high 
aioe c 

+ 

down spr 
seful parts of the epee Entei snd in tests LBIB and B 

Installational 

4. Test ABLE 

In general the eee an for «BLE include 

pressure from the bom 
always instalied in close 

chosen to have as far as po 
between the ane and the bor 
detonation in /BLE 
on the Pensacola and Nagate. 
below deck installation on the 

sercening effects, but th 

Installational data for ABLE is given in Table 1. 

2. Test BAKER 

Profiting fr 
were modificd 
wind .PA upper loca Ss wo: ced werd in the bows, 

iec.e, in the part of the i arc s C in cr to 

imi } ! deep installa- 



i-24. Cruiscr. imate bearing of bomb with respect 

0 ya 

Galley 
~ 12 inch stcclk 

avy Battleship. 
ect to ship, 1 

atal distan 

Upwind from bomb. 

In starboard side of after tower on 0 
number 190 

ated serceni 

Upwind 

In after troop berthing compartment nur 
e-201-L on tre line 

mated screening - oblique bul. 
inch steel. 

SPA 68 Troop Tran, Approximate bearing 
to ship, gz . 
Horizon: tance from t 
eee from b 

APA 77 

Crittenden 

LPi.. 70 Troop Transport. z 
Carteret Horizontal distance acon bomb, 3 

nd from me} 
Same eee 2 



allation 

tores. 9 foot below water line 

Integrated Total Gai 

Ship 

Distance from bomb in yards 

e in R by integration 
I(t) curve, using theory 
SCs 

Open air dose as culated from 
radiological film results (Dessauer) 

Table 4 

Integrated Total Gamma Ray Dosa 

Tes 

Ship 

Distance from bomb in yards 

Total dose in R by integration of our 
I(+) curve No theory and neglecting 
small initial burst 

Total dose from accompanying radiolog 
films (Dessauor) 

Total outdoor dosc in Re 

Outdoor dosc/our dose 

Calculated screcning thickno 
for above attenuation 
thickness as 1-5 inch 



with Filn 

From the eight inst ions for test ABLE four records 
2al results plotted in Fige6. (The missing 

as follows - two by sinking, one recorder 
hock, 1 by batte failure). For all four recorders 
mtrol was successful, ing the putative minus 20 second 

ich actually turned on the units at mim 3 scconds. 

quently showed that this allowed cno ti 
ach full speed before detonation. 

show a rapidly fa gen ay intensity 
soeconds fe f ; h carer 

lite. of 5 ashe Tho ate Pent of t 

of small amplitude with about the me 
I s it occurs too carly to have ‘poon pro 

may be duc to the motion of the ships produced by the air b 
motion would introduce variations 
points in the oscillation. 

g arc appro 

nts on 

ulted in the 
turrets being interposed betwe 

ecl tewer structure of um 
asacola at 750 yards scen to be 

intensity observed there below that on the 

These cffcct 

inissing Sines are account 
ic before being cleared by 



ic on Critten: 
controls 

32C0 yards, foll 
er of 20C R/hr. in m 

below 10 R/hr. after 2 hot 

It is noteworthy + when ships wore boarded four days after BAKER 
ithough the ganma ray cont nation lev 1 v 0.25 - 0.5 
on Carteret and 1 to 1.5 on Cri ately below 
the ge ES ° ati as or le except 
infiltration d 1 Pp. 4 pool of water lodged in a 

2ssion on the de enden had 7 - 3 R/hr. on BAKER + 4 

in origin of the observed ganma radiation is 
s from the fission products of the bomb, 

which behave & point source risi in the ball of firc, together with 
a knowledge of the air absorpti -cfficicent of the radiation, it is 
possible to calculate an inte ty-time curve. Such a curve was 
calculated for cach of the four distances in test ing the results 
of delayed gamma measurements on fission products ma i laboratory 
(LA 250) and Dessaucr's air absorption co-cfficicnct obtained from the 

g In this way, four curves are ot cd which 
lope with our experimental observat on 

conds, (curves so calculated lic from 60 to 7 
magnitude than the observed curves on account of the 

the ship). This screening is not know ver 
attempts were made to ostimate it, measuring with ruler and ’ 
difficult were always encountered with highly variable absorbing 
objects such as pipes and winches, which could vary the result by a 
factor of ten. 

It scems possible to go some way to avoid this difficulty by making 
use of the Radiological film data in the following’ way. 

In test BAKER, by which time better liaison had beco established, 
Radiological films wore placed in coincidonco with the i onisation 
chamber on some units. Integration of the gamma intensity - time 
curves obtained from such units gave total doses in good ecment with 
the independent measuremonts mado by the Rediological Safety Section on 
the films (Table 4) so that it bacme clear that the two methods were 
giving consistent results. 

Since the slopes of t theoretical intonsity time curves wore in 
good agreement with cxperimont ovor the interval 1 - 20 toed 
decided to trust the theory in the intcrval fromo - 4 
it became possible to obtain a figure for the total dosc, 
by using the theory to fill in the gap fromo - 1 sccond 
by the units. The resulting total dose 
are scon to be less than the outdoor 5 yy 
This factor is taken to be the atten i actor for the st 
which, cxpressed in terms of inches of iron using 2 an frec path in 
iron of 1.5 inches, is secon to be in the on of the estimated actual 
ship screening. The use of the resulting attenuation factors i 
conjunction with the theoretical’ outdoor in ity-time curves is scen 
(Fig. 3) to bring the theory into fair agreement with experince 



In addition to the rapid fall in ganma ray intensity in the initial 

ma ray burst discussed above which continues rig a to very low 

values in the two more distant ships, there is a sudden trailing off on 

the ncaror-in ships, at 20 seconds after detonation, to a lower rate of 

decay of half life about 5 minutes. The presence of this cffect on the 

nosrer-in ships and absence from the far-out ones suggests that it ariscs 

from neutron induced activities, though this hypothesis mocts with a 

difficulty. The magnitude of this cffect on the two ships appears to 

be in scale with the gamma ray intonsity which is attenuated mich more 

on the Pensacola (~ 7% times) than on tho Nagato (~ 10 times). However, 

a neutron induced radiation on account of the diffusion propertics of 

slow neutrons would not be collimated but could reach the chambors 

latorally, where the screening in both cases is much less. Hence, phd 

the 5 minute decay wore slow neutron induced, it would be expected to be 

proportionately mich higher on the Pensacola unless some local vagery 

of distribution of the neutron capturing material introduced a compon- 

sating effect. On the whole, this neutron hypothesis scems therefore 

unsatisfactory and a better explanation lies in assuming a tail of 

ganma-omitting fission products left behind by the ball of fire on the 

near-in shipse 

In the BAKER records (Pigs. 7, 7) the initial burst of radiation 

analogous to that in BIE is quite small in magnitude. In the caso of 

tho distent Carteret at 3200 yards the intensity falls rapidly as in 

ABLE to a low valuc at 40 - 5C seconds, riscs steadily to a maximum at 

5 minutes and then declines slowly. 

It scoms straight forward to explain the risc after the first 

minute and subsequent decay in terms of a high local concentration of 

fission products brought in the descending rain and in the rolling 

cloud of spray which spreads out from the base of the plume. These 

fission products then decay and remove themselves by settling into the 

sea and diffusing dowm through the sea water. 

It is interesting to speculate on the meanings of the above-end 

polow-watorlino readings on the Carterot. The two records arc closely 

similar in the shapes and times of their recorded maxims, the below- 

water line record not lasting so long nor rising so high and having 

about half the total dosage of the upper location record. The locations 

are almost vertically one above the other, about 40 foct and 5 stecl 

decks apart. There is a flat deck a few foot above tho uppor location, 

so that it would be affected by deck contamination by something like an 

order of magnitude more than the lower. It scoms likcly, therefore, 

that ship contamination is not the main factor in the doses, but that a 

large proportion of it originates from fission products in the surround- 

ing mist and on the water surface. The slight secondary maximum, on 

the underwater record after the main maximum, which is absent on the 

upper location record, is suggestive of some downwerd diffusion of the 

fission products through the water, past the unit. 

Tho Crittenden instrumental record (1700 yds.) obtainod in B.KER 

gives ovidenco of very strong vibrations lasting about ten scconds, the 

pen being in rapid motion and producing a scrics of dots There is 

a similar weaker effect on the Carteret records starting at = second. 

The underwater shock must have caused this and the small minimum on the 

Crittenden curve at <¢ second is probably instrumental from the same 

causoe There appears also a marked oscillation on this curve at 

70 scconds, corresponding to the expected time of arrival of the first 

watcr wave from the explosion. 

By plotting the integral of the ABLE and BAKGR curves up to time 

+ as a porcentage of tho total integral (Fig. 9) omc obtains a curve 

which shows the percentage reduction in dose resulting from dodging 

behind a strongly absorbing shicld. bout half the total dose is 

Bs 



obtained in the first sccond in BIE, so that very prompt action would 

be neotcd to reduce the dose of say 200 R at 1,500 yrrds in BIG to 

100 Re The stron produced by the turre nsacola 
suggests that all round sh: ng is umncecessary, ttcring being small. 

In BKER the time to half dose is much longor, varying from 
20 minutes at 1,500 yards to : 1 t+ 3,000 yards. Thus thore 
is ample time for protective measures by ship personnel, but in this 
casc, the radiation will be fairly isotropic, so that all-round 
scrconing would be required. 



FIG. la: CIRCUIT DIAGRAM OF GAMMA RAY RECORDER 

UNIT. 

IMPEDANCE CATHOOE DRIVER C/RCUIT 
CHAMBER TUBE FOLLOWER. FOR RECORDER. 

ESTERLINE 
ANGUS 

RECORDER 

FIG. Ib: TEST UNIT FOR ABOVE. ey 
By MEANS OF THE METER ™" AND 
POTENTIOMETER A, A SERIES OF 
VOLTAGES From 1 VoLT TO 250 VOLTS 
CAN BE APPLIED TO THE HIGH RESISTOR 
BANK R WHICH HAS A RANGE OF 
WALUES 2.5109 = 10" 



Fig. 2. 

Loading on Pensacola 

Installation in after troop compartment in A.P.A. 70 (Carteret) 
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